The PEBBLES communication system, designed to link children in the hospital with their regular classrooms, has progressed through three major development and evaluation phases. Many of the design and human factors issues (e.g., daily curriculum planning and co-ordination between two teachers in distant locations, and the need for an appropriate attention device) discovered through this process are unique from other video-mediated communication systems because PEBBLES must support both academic and social tasks with children as users. While technical limitations such as bandwidth and audio fidelity remain as problems to solve with PEBBLES, the system has been successful in providing students with a high level of telepresence in their classrooms.
INTRODUCTION
State of the art telecommunications and telepresence technologies are poised to change the way people interact, communicate and do business. A multidisciplinary research team at Ryerson Polytechnic University, the University of Toronto and Telbotics Inc. has developed a video mediated communication system -PEBBLES (Providing Education By Bringing Learning Environments to Students). This system allows a child in the hospital to interact with his/her regular school. The student is represented by and controls a "robot" like mobile unit located in the classroom.
PEBBLES' design presents research and design issues that are distinct from those in remote control and video conferencing research or user interface design for children. Providing effective control of remote systems is a comp licated problem that is exacerbated with the use of video conferencing. In addition, research into telelearning normally focuses on distance education using adult participants and a remote lecturer (e.g., Gowan & Downs, 1994) . This typically takes place in a static and structured classroom environment. In contrast, PEBBLES integrates a remote participant into a dynamic and unstructured classroom environment.
Other research in remote communications systems has been directed primarily at studying the interactions between adults (Buxton, Sellen & Sheasby, 1997) . Generally, these interactions take the form of meetings with specific, goaloriented agendas or tasks (e.g., Hydra/Brady Bunch system (Buxton, et. al., 1997) , and Extra Eyes (Yamaashi, Cooperstock, Narine, & Buxton, 1996) ).
Finally, considerably less research has been done into human computer interaction involving children, particularly with a complex integrated system such as PEBBLES.
However, there have been a number of projects where children collaborate with other children using various technologies such as the Internet, faxes and videoconferencing to accomplish academic goals (e.g., Schools of the Helsinki 2001 (Matikainen, 1998) . Few data from these projects have been published regarding children's attitudes toward the technology and how it affected their classroom experience.
STARBRIGHT World is a video-mediated system designed for children in hospitals. This system connects hospitalized children with similar medical conditions in a selfcontained networked environment (Holden, Bearlson, Rode, Rosenberg, Fishman, 1999) . The primary design objectives of this application are entertainment and the establishment of a community of individuals in similar situations. Neither academic achievement nor the maintenance of an existing social network are objectives.
A second example is "Project Caroline and Christer", designed to link children in the hospital with their regular classroom and/or family (Perez-Bercoff, 1999) . In this project, desktop video-conferencing was used to make these connections. Modifications to the software or to the physical appearance of the computer were not made. There is also little objective or subjective data on the effectiveness of the system. Buxton (1992) suggests that a crucial element to the success of video conferencing is the ability of users to have a social presence (or telepresence). Telepresence is thus defined as the extent to which people feel immersed within a real or virtual situation even though they are not actually physically connected to it (Draper, Kaber & Usher, 1998) .
The concept of video-mediated telepresence has been studied in a structured, adult environment where participants are following known and practised social protocols and roles. Researchers suggest that the interactions between users of a video conferencing session are improved through a more realistic sense of telepresence and awareness of each other (Draper, et al., 1998) . In this project, we are attempting to provide students with a video-mediated presence in an unstructured and dynamic learning environment through PEBBLES. The child experiences telepresence through a remotely controlled physical surrogate that transmits a realtime, two-way video and audio image. This paper will provide a description of the evolution of the PEBBLES communication system through three design stages with an emphasis on the human factors and telepresence issues. We also report some of the results of field evaluations carried out at each stage of the development process.
PEBBLES I Design
The first design phase of PEBBLES, PEBBLES I, was a proof of concept model. The technology used for this model involved off-the-shelf video conferencing systems (PictureTel PCS100 desktop system and a Mitsubishi Diamond Series 9000 full meeting room system). The PictureTel PCS100 used on the "hospital end" transmitted live audio and video images via ISDN (Integrated Services Digital Network) to the Mitsubishi system used at the "school end". The user interface provided by the manufacturers was employed with the student users (no modifications were made). Details of this design are reported in (Williams, Fels, Smith, Treviranus, & Eagleson, 1996) .
Some of the unique features of the system were:
1) The input device for the remote student was a Nintendo™ game pad. It allowed the student seven controls (camera tilt, "head" pan, camera zoom and activate attention device).
2) The classroom end of PEBBLES I was on a modified wagon so that the remote student could be pulled around the classroom, allowing him/her to participate in a variety of activities (see Figure 1 ).
3) The classroom television monitor was mounted on a pedestal attached to the wagon at approximate eye level for a child (age 7-13). The pedestal allowed the classroom camera (mounted on top of the television) and the television to pan together left and right in response to left and right control signals from the user.
4) An attention control signal was added to the system. The device was a red light on the top of the classroom television designed gain the attention of a teacher or classmates without interrupting.
5) Motor control signals were transmitted using audio tones (sharing the audio channel with voice transmission).
Evaluation
PEBBLES I was tested in two pilot studies. Details of these two studies are reported in (Williams, et al., 1996) .
In general, the results indicated that there were very positive subjective impressions of PEBBLES by all participants. PEBBLES seemed to be successful in allowing a student to participate in some classroom activities including communicating one-on-one and as part of a group. Success was indicated by positive attitudes and a low number of control errors. The Nintendo game pad appeared to be an effective control method for children. The results for use of the attention device were more negative. In fact, most of the attempts (approximately 60%) to gain attention using the red light were unsuccessful. A new attention getting system was required for this feature to be useful.
An independent study of various attention-getting devices was carried out . From this investigation, a light that just turns on or flashes is insufficient as an attention device. It was found that an effective device included an audio component. In addition, this study demonstrated that a wire hand that had motion and sound was most effective. This design was then selected to implement in the next version of PEBBLES, PEBBLES II.
PEBBLES II -WAYNE GRETZKY'S PEBBLES

Design
The results of the first two pilot studies demonstrated that PEBBLES was a viable concept. A second version was constructed in an attempt to resolve some of the issues identified in the first two studies. Details of this design are reported in Fels, Williams, Smith, Treviranus, & Eagleson, (1999) .
The important design modifications from PEBBLES I were: 1) A new user interface was designed for use by children (grade 1 through grade 7). Most of the controls (e.g., camera tilt and zoom, head movement and attention device controls) were accessed through the game pad. Stop the conference and pause the system functions were controlled using the mouse. All feedback (e.g., function of button pressed) appeared on the screen as icons or colored indicators.
2) The physical appearance was redesigned to be more childfriendly and safe (see Figure 2 ).
3) The attention light was replaced by a hand that waved.
4) The game pad controller was updated to one using colored buttons, although no new functions were added to the input device.
5) The audio signal and motor control signal were transmitted through separate channels. 
Evaluation
Two short-term studies and one long-term study were completed with this version of PEBBLES II. In the first study, a group of high school students performed an initial test of PEBBLES II by using it for two hours. In the second pilot study, an eight-year old girl who had been in the hospital for five months used the system to attend her normal school for one week. The third study involved an eight-year old boy who used the system from the hospital for seven weeks. We used the same experimental protocol as in the evaluation of PEBBLES I for each study. However, video taping and questionnaires were distributed throughout the duration of the seven weeks with the longer-term study.
Results from the three studies with PEBBLES II confirmed some of our initial results with PEBBLES I as well as provided new insights. All users, including parents, teachers, children and medical personnel had a primarily positive subjective attitude toward the system. The success rate of the face-to-face and group communication tasks were similar to those experienced in the PEBBLES I evaluation. The system seemed to support communication and it allowed a child to have a virtual social presence in the classroom. The game pad control interface remained an effective control for children.
The hand attention device was much more effective in gaining the attention of the instructor even after seven weeks. However, there was a safety concern with the design. When the hand was activated, it protruded out from the side of PEBBLES in a waving motion. The remote student could not determine if someone was standing in the way and might accidentally hit that person with the device. The attention device had to be replaced with a more appropriate mechanism.
Some new insights provided by these three studies include:
1) The industrial design is inappropriate to high school students.
2) The logistics of integrating hospital-based curriculum with the regular schools' curriculum requires additional planning and communication between the teachers. However, lessons and materials are usually not prepared much in advance. One possible solution is to incorporate a paper transmission system (e.g., fax) allowing paperbased materials to be transferred between the two sites.
3) Misunderstandings occurred between the button functions on game pad and the functions of the icons on the screen. Also, using both the mouse and the game pad to interact with the system was confusing.
4) The robot required a personal space indicator so that people at the classroom end would not stand so close to it (giving the remote student a limited view of the person to whom she was speaking).
5) The child in the hospital had little understanding and knowledge of the physical appearance and the physical limits of PEBBLES as indicated by verbalisations and control errors arising during the studies. For example, the head can only turn approximately 270 o and as the system reaches its physical turning limit the child in the hospital would continue to press the control button, attempting turn further. Better feedback of the physical state of the system is required for the interface. These technical and logistical issues required solutions before further studies with children could proceed.
PEBBLES II.5
Design PEBBLES II.5, the most recent version of PEBBLES, was developed to solve the major technical and logistical difficulties experienced with PEBBLES II.
In an attempt to provide a personal space indicator on the robot, the classroom unit is equipped with a small (3.5" x 3") LCD screen to provide local video feedback. The LCD screen is attached to the front right area of the robot's head. It provides visual feedback to the classroom participants of what the remote student sees on his/her screen. This video is a direct signal from the remote controlled camera.
All interface functions were made accessible through the game pad so there is no longer a need for a mouse. However, the game pad also needed to be updated to support these additional functions. A minimum of twelve button controls (up/down, left/right, zoom-in, zoom-out, start, stop, pause, attention, send document, and switch to secondary camera functions) were required to support the necessary functionality. Typical low end game pads do not support this many functions. A Microsoft SideWinder™ game pad was modified to suit our needs. The buttons are colour coded to match the visual icons that flash on-screen when the button is depressed.
A secondary, non-controllable camera was added to the school unit of PEBBLES to allow the student to easily change to a global view of the classroom while the primary camera remains zoomed-in on a particular location (e.g., blackboard). The student can quickly switch between the zoomed-in view and the global view without the need to repeatedly concentrate on adjusting the primary camera's field of view.
A paper transfer mechanism has been incorporated into the two ends of the PEBBLES system. Both units contain a scanner/printer device facilitating the two-way transfer of paper based materials such as tests, assignment, and handouts.
The remote student uses the game pad to control the printer/scanner. In the classroom, a single switch is incorporated into the robot allowing the teacher to control the scanning process. Once the user has indicated that a document is ready for scanning by pressing the button, the software automatically transmits the document and prints it at the other end.
The hand was shortened to approximately 8" and relocated to the top quarter of the head. It was also constructed of soft, lightweight fabric.
As seen in Figure 3 , the hospital end of the PEBBLES system was designed to complement the school unit (in shape and colour). In addition, special attention has been paid to making the design suited for hospital use (e.g., secure, cleanable, easy to move, and meets electro-medical equipment standards). It stands 45.5" tall, is black with turquoise side panels and a yellow faceplate and is mailbox shaped. The unit contains a 15" LCD monitor mounted on an adjustable, articulating arm that be retracted inside the unit. The LCD monitor can be adjusted for a variety of viewing positions to accommodate children who must be in different positions. The camera and speakers are mounted on top of the LCD monitor. The unit uses four hospital-grade castors, and a handle bar to move it within the hospital. It is equipped with a clear plastic cover so that someone pushing the unit can see items or people in front of it. Finally, the evaluation methodology has been changed to a timeline of six to eight weeks of use (instead of one week in the previous method). We are now studying students using PEBBLES daily for six to eight weeks.
Evaluation
Two students have used PEBBLES over the long term. Details of the first study are reported in Weiss, Whiteley, Treviranus, & Fels (2000) . Data from the second study remains to be analysed. However, several important results are relevant to the design of PEBBLES: 1) Having the local feedback display resulted in fewer confusions the by classroom participants regarding where to stand to optimise the remote students' view.
2) The new, safer hand design is as effective as the previous hand design in attracting attention.
3) Lesson and activity planning between the hospital teacher and the regular schoolteacher was better co-ordinated, although there are still many issues to resolve. 4) Use of the second camera was limited and did not appear to add any extra benefit for the remote student.
5) The articulating arm accommodated different positions and postures that were optimal for the student.
6) Some of the difficulties found in the first four short-term pilot studies such as distraction from the system and initial remote student shyness did not continue after the first week in each of the long-term studies.
